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Introduction
Low back pain (LBP), usually complained as pain accompanied by muscle stiffness with or without radiation to the lower extremity, is the disabling symptom with enormous impact on population health [1] . Conservative pain-relieving treatments such as medial branch blocks and intraarticular injections could offer short-term pain relief but did not treat degenerative tissues or underlying mechanisms. Percutaneous transforaminal endoscopic discectomy did not remove the facet joints to reduce pain, which prevents the risk of adjacent segment disease [2] .
The intervertebral disc, the left facet joint, and the right facet joint form the 'three-joint complex' connected in series.
These three anatomical factors can affect each other [3] . Previous studies demonstrated that facet tropism was a potential pathogenic factor for the progression of disc degeneration and facet joint degeneration, which can cause or aggravate low back pain [4, 5] . Operation inevitably accelerated disc degeneration and facet joint degeneration in the operating segments. Consequently, patients may get different clinical outcomes. Percutaneous transforaminal endoscopic discectomy (PTED) had the advantages of small tissue damage in the treatment of LBP. However, it is unknown whether PTED could protect the vertebral body from endplate defects by preserving the facet joint.
MCs were fairly commonly observed in the lower lumbar spine. Edema and inflammation originating in type I MCs [7] . MCs, DD, and facet joint degeneration (FJ) have proved to be present in patients with LBP, even in asymptomatic individuals [8] [9] [10] .
MCs also showed a high association with LBP apart from spinal structures. Endplate defects were categorized into four types according to the severity of the damage. The facet tropism and facet orientation were related to the presence of MCs, since MCs and facet tropism were common in the lower lumbar spine. Facet tropism was suggested to be an anatomical factor associated with the DD and facet joint degeneration in the spine. Further, there was a strong correlation between the severity of facet osteoarthritis and the severe DD. DD and FJ have also been considered to be the sources of LBP. Relationship between MCs, DD, and progressive grades of endplate defect was shown, but FJ degeneration was not taken into consideration. It is generally considered that early stages of DD could cause instability [11] . The prevalence of low back pain increased as the development of lumbar disc degeneration [12] . Endplate defects, which are seen adjacent to a healthy disc, are associated with degenerative changes such as Modic changes (MCs), disc degeneration (DD), and Schmorl's nodes. Recent research demonstrated that endplate defects could also induce LBP. In contrast, endplate lesions caused by microfracture received less attention.
Numerous studies have investigated the relationship between MCs, DD, and facet joint degeneration. However, the role of endplate defects in MCs, DD, and facet joint degeneration is not confirmed. Several theories have been suggested regarding the etiology of these conditions, but the pathophysiology of endplate defect is still unclear. Therefore, we hypothesized that there would be an association between endplate defects, MCs, and facet joint degeneration in patients with LBP. 
Patients and Methods

Assessment of DD.
DD was quantitatively measured on mid-sagittal T2W images according to the previous description [13] . Disc signal intensity was acquired by defining a region of interest, as the disc measurement was further adjusted using the signal intensity of adjacent cerebrospinal fluid.
Assessment of Endplate Defects.
Endplate defects were visible as the loss or disruption of the complete appearance. Change of endplate defects visible on sagittal MR images was categorized into four grades according to Feng et al. [14] . Focal endplate defect was defined as a local hollow or discontinuity on the endplate, accompanied by nucleus protrusion into the subchondral bone. Corner endplate defect was defined as an anterior or posterior corner on the endplate, accompanied by local disrupted or absent vertebral trabeculae. An erosive endplate defect involved the extensive alteration of the endplate, such as an irregular, serrated, or worm-eaten appearance ( Figure 1 ).
Assessment of MCs.
MCs were categorized into type 0, I, II, and III using sagittal multipositional MRI image. Type 0 MCs showed normal endplate, type I MCs showed low T1 and high T2 signal, type II MCs showed high T1 and T2 signals, and type III MCs showed low T1 and T2 signals [15] (Table 1) .
Assessment of Facet Joint Orientation and Facet Tropism.
The facet line was defined as the line connecting the two peaks of each of the superior articular facets. The angle between the facet line and the midsagittal line of the vertebra was defined as a facet angle ( is right facet angle, is left facet angle). The facet joint orientation was evaluated as the mean value of the degree between the left facet angle and the right facet angle. The facet tropism was measured as the difference in degree between the left facet angle and the right facet angle ( Figure 2 ).
Assessment of Facet Joints
Osteoarthritis. Four grades of facet joint osteoarthritis were defined according to T2-weighted MRI [16] . Grade 1 was normal, Grade 2 facet joint osteoarthritis was presented as joint narrow space or mild osteophyte, Grade 3 facet joint osteoarthritis showed sclerosis or moderate osteophyte, and Grade 4 facet joint osteoarthritis was marked osteophyte ( Figure 3 ).
Data Analysis.
The outcome of imaging measurement was derived from the hospital's imaging system. All data were expressed as mean (SD) or mean (95%CI). Data analysis was done using SPSS 22.0 (IBM Corporation, USA). Multivariable analysis and Chi-square test for quantitative and qualitative variables, independent sample t-tests, and Spearman correlation test were used in our research. The result difference was statistically significant when P<0.05.
Results
Baseline Data and Clinical Outcomes.
A total of 75 patients (38 men and 37 women) with a mean age of 55.8 ± 12.8 years were included and divided into four groups in the study. Baseline data of the four groups showed that age, height, occupation, alcohol consumption, smoking, BMI, duration of LBP, hypertension, diabetes mellitus, clinical outcomes, and lumbar level were similar among the four groups (P > 0.05). Gender and weight are significantly different among the four groups (P < 0.05) ( Table 2) .
Distributions for FJ Orientation and Facet Tropism in Four
Types of Endplate Defect. The severity of endplate defect was negatively related to the facet orientation in left side group and right side group, but the difference between the two groups was not statistically significant (P > 0.05). The facet tropism in type 0 endplate defect and type 1 endplate defect was greater than that in type 2 endplate defect and type 3 endplate defect (P < 0.05) (Figure 4 ).
Distribution of DD and Endplate Defect in the Four
Groups. 150 adjacent endplates and 75 intervertebral discs from 75 patients were examined in our study. It is shown that the prevalence of Grade 3 disc degeneration (DD) was significantly higher than grade 2 DD, Grade 4 DD, and Grade 5 DD in endplate defect group 0, endplate defect group 2, and endplate defect group 3 (P<0.05, respectively) (Figure 2(a) ). It is also shown that the prevalence of Grade 4 DD was significantly higher than Grade 2 DD, Grade 3 DD, and Grade 5 DD in endplate defect group 1( Figure 5(a) ).
We found that DD mainly occurred at L2/3, L3/4 L4/5, and L5/S1 in patients treated with PTED. The prevalence of endplate defect in group 1 was higher than that in group 3 at L2/3. The prevalence of endplate defect in group 0 was higher than that in group 1 and 2 at L3/4. The prevalence of endplate defect in group 1 was the highest at L4/5 (33.33%), followed by group 3 (27.78%) and group 0 (19.45%), and the prevalence in group 2 was the lowest (19.44%). The prevalence of endplate defect in group 1 was the highest at L5/S1 (43.33%), followed by group 0 and 3 (23.33% and 20.00%), and the prevalence in group 2 was the lowest (13.33%)( Figure 5(b) ).
Relationship between the Size of MCs II and the Degree of DD.
The endplate defect group 3 showed the largest size of MCs II in all degrees of DD except DD Grade 2. The sizes of MCs II in group 3 increased rapidly in DD Grade 2 and Grade 3 ( Figure 6 ).
Correlation Outcomes.
Pearson correlation analysis showed that there were positive correlations between FT (Table 3 ).
Clinical Outcomes.
The VAS score and ODI score were significantly different at the postoperative and preoperative time points (1, 2, 4, 8, 12 , and 24 weeks after operation and 1 week before operation) in the four groups (P<0.05, respectively) ( Table 4 ). The VAS score of group 3 was the lowest in all groups, followed by group 0 and group 2. The VAS score of group 1 was the highest. The largest decrease in ODI score was in group 3, followed by group 0. Group 1 and group 2 showed the slowest recovery rate at nearly all the time points. However, there was no statistically significant difference between the four groups by the end of the last follow-up (P>0.05) (Figure 7 ).
Discussion
Regarding LBP in patients with disc herniation, much attention is focused on DD, MCs, and FJ degeneration. Load distribution and FJ alignment were thought to be factors in the development and progression of facet osteoarthritis [17] . The FJs withstand the vast majority of shear forces and absorb 16% of the body load on average [18] , while the disc bears the compression load. The 'three-joint complex' in each segment is functionally interdependent, so changes in a separate structure affect the other structure. Another research has proven that FJs degeneration accelerated DD, which eventually lead to the occurrence of MCs [19] . Biomechanical research demonstrated that FJs allow the disc-joint to withstand loads, which indicates that disc torsion mechanics were dependent on the presence of FJs. Vernon et al. [20] demonstrated that DD leads to change of facet tropism and facet orientation, which is a risk factor for episodes of LBP [21] . However, we suggested that endplate defect, caused by microfracture in the vertebral body, would be an initiating factor for the clinical symptom. Our result was in accordance with recent reports [14] . To our knowledge, we are the first to evaluate the relationship between MCs, DD, and FJ degeneration in different types of endplate defects in patients with LBP. We investigated the distribution of endplate defects on different disc levels, DD grades, FJ orientation, and facet tropism. Patients with LDH have greater FJs orientation and more significant FJ tropism, which may lead to FJ osteoarthritis [16] . Consist with previous research, we found that FJ osteoarthritis is strongly associated with DD. As FJ osteoarthritis grade increases, worst postoperative clinical outcomes might be expected. However, our results did not find a significant correlation between FJ orientation and facet tropism in patients with LDH. This may be due to the mild disc herniation in patients undergoing PTED. Previous studies demonstrated that endplate defects allow inflammatory cytokines, which pass from disc to the vertebral body, to initiate edema characteristically observed in MCs [22] . That endplate defects contribute to both MCs and DD owing to the physical location of the endplate, which was indirectly associated with FJ degeneration by the 'three-joint complex'. Teichtahl et al. investigated the relationship between MCs and intervertebral DD firstly [23] . However, they did not investigate the correlation of MCs with the DD in different grade of endplate defect. We investigate the relationship between endplate defect, size of Modic lesion, and degeneration of 3-joint complex in the lower lumbar spine. Further, we are the first to find the concordance between the presence of FJ degeneration and endplate defect. Our results suggested that the size of Modic change II in Grade 3 endplate defect was significantly larger than other kinds of endplate defect. In addition, the severity of endplate defect in the L4-L5 level is higher than that in other levels.
Kentaro et al. demonstrated an association between endplate defect and FJ degeneration in rheumatoid arthritis [24] . Our data add knowledge for the relationship between endplate defect and FJ-originated lower back pain. We found that there was a significant difference in facet tropism between the four types of endplate defect in patients with LBP. However, there was no difference in facet orientation between the four types of endplate defect. Kerttula et al. demonstrated that MCs type I were related to increasing the size of endplate defects and decreasing the disc height in a 1-year follow-up clinical study. [25] . Further, Feng et al. demonstrated that endplate defects, MCs, and DD were risk factors for episodes of severe LBP [26] . Quantitative measurements showed that the different endplate defects had a negative association with disc signal intensity, disc bulging, and disc height in the adjacent disc. The coexistence of MCs and endplate defects in the vertebral body has been reported in several studies. However, none focused on the relationship between them. Our research found that the four types of endplate defects differed in segment distribution, configuration features, and strength of association with the size of MCs. We found that LBP can be accelerated by the increasing prevalence of endplate defects, MCs, and DD, which was in accordance with previous studies [24, 27, 28] . Moreover, we were surprised to find that endplate defect group 1 (focal) was associated with the highest degree of disc degeneration (DD4). The reason for this phenomenon is that most enrolled patients suffered from MCs II, which resulted in bias. The DD, which was caused by endplate defects, synergies with endplate defects and MCs type II to promote the progress of LBP.
Symptoms of the patients in the four groups showed a trend of significant improvement within 1 week after surgery, but a recessive trend after 24 weeks. We hypothesized that worst pain and functional recovery were associated with severe endplate defects, MCs, DD, and FJ degeneration, all of which were the potential risk factors for the lower back pain. Previous studies had demonstrated that endplate defects would accelerate MCs and DD, which correlated with heritability [24] and vertebral fracture [29] . In addition, we found no significant differences among the four groups in clinical efficiency. We attributed this phenomenon to advantages of percutaneous transforaminal endoscopic discectomy for its less trauma and quicker recovery.
Limitations
Despite the strengths, several limitations could not be avoided in the present investigation. First, our study could be improved by enrolling a large number of subjects, which could help to accurately investigate the relationship between these degenerative changes. Thus, further large-scale prospective studies with long-term follow-up and normalized measurement are needed. Second, patients with the same type of herniation, which was considered as a confounding factor, should be enrolled in a prospective study.
Conclusion
Presence of endplate defects may increase the size of MCs I and MCs II in segments with severe DD. However, the size of Modic lesions was not directly associated with clinical symptoms. Endplate defects would accelerate the change of FJ orientation and facet tropism in segments with MCs. In summary, the results of this study highlight the significance of endplate defects and its association with the variation of determinants associated with DD and FJ degeneration. Further, endplate defects may be the initiating factor for MC and intervertebral DD and FJ degeneration. Our study demonstrated that progress in endplate defects resulted in a deterioration in both pain scores and functional disability measures at each follow-up time point from 1 week before surgery to 24 weeks after surgery.
Data Availability
The data used to support the findings of this study are included within the article.
